Where do we perceive an object to be when it is moving? Nijhawan [1] has reported that if a stationary test pattern is briefly flashed in spatial alignment with a moving one, the moving element actually appears displaced in the direction in which it is moving. Nijhawan postulates that this may be the result of a mechanism that predicts the future position of the moving element so as to compensate for the fact that the element will have moved position from the time at which the light left it to the time at which the observer becomes aware of it (as a result of the finite time taken for neural transmission). There is an alternative explanation of this effect, however. Changes in the stimulus presentation could affect perceptual latency [2], and therefore the perceived position if in motion (as suggested for the Pulfrich pendulum effect [3,4]). In other words, if the flashed probe of the Nijhawan demonstration takes longer to reach perceptual awareness than the moving stimulus, the latter will appear to be ahead of the probe. Here, I demonstrate an alternative way of testing this hypothesis. When an illusory movement is induced (via the motion aftereffect) within a stationary pattern, it can be shown that this also produces a change in its perceived spatial position. As the pattern is stationary, one cannot account for this result via the notion of perceptual lags.
The illusory motion tested in this work was that of the well-known motion aftereffect. This striking phenomenon occurs after one has viewed a moving pattern for some period of time -when a stationary test pattern is subsequently viewed, it appears to move in the opposite direction to that just observed [5] . I asked, therefore, whether this illusory motion would cause a shift in perceived position in a manner similar to that demonstrated for real motion. Figure 1 outlines the design of our experiment and Figure 2 shows the results of such an experiment for two observers. The illusory misalignment caused by the motion aftereffect was measured by the real offset required to realign the patterns perceptually. Adaptation to motion produced a systematic shift in the perceived position of the test patterns relative to the baseline measurement (an adaptation speed of zero). The size of the effect increased with increasing speed up to around 8-16 degrees/second. At the highest speeds tested, little or no position shift was found. This same effect has been documented independently by Nishida and Johnston [6] using rotatory motion. The data demonstrate that adaptation to motion in one direction produces a perceived shift in the position of a stationary pattern presented shortly afterwards. The direction of the shift is opposite to that of Illustration of the adaptation and test regime. The long unbroken arrow represents time. Subjects first adapted to the adaptation pattern for 6 sec. This pattern consisted of two gratings, on either side of the fixation cross, that moved in opposite directions, as indicated. The two test intervals then followed. The subject gave a response as to which of the gratings (left or right) appeared higher on the screen, and the cycle was then repeated for the next trial, and so on, until all trials were complete. This whole regime was preceded by an initial period during which the adaptation pattern was viewed for 18 sec. the previous direction of motion and thus corresponds to the direction of the motion aftereffect that accompanies this perceived shift in position. The speed tuning of this position aftereffect from motion adaptation is very similar to that of the motion aftereffect [7] .
Let us return to the original question of interest: where is the perceived position of a moving object? The data presented here suggest that such objects are perceived to be in front of their actual position. This answer needs to be regarded with caution, of course, as the 'motion' in this experiment was illusory, but a similar effect of real motion upon the position of a patch of grating [8] and other edges [9] has been observed. Why are objects seen in front of their actual position? Motion processing involves the dimensions of both space and time. Thus, changes in the timing of a visual object can be interpreted in terms of a shift in spatial position of that object [10, 11] . Let us consider, then, our physically stationary horizontal grating test pattern. It will stimulate detectors tuned for low temporal frequencies in all directions but because of the earlier adaptation, let us say, to upwards motion, there will be an imbalance so that the downwards detectors are giving a greater output than the upward detectors -hence the motion aftereffect [12] . Thus, the apparent position of the grating may also be governed by these downward detectors. If the actual position of the grating can be thought of as the 'start' of the detector, perhaps its perceptual label may be at the centre of the detector, and hence its apparent position is somewhat shifted in this direction. Quantitative modelling of the size of these effects is not yet possible, but it should be noted that the magnitude of the perceived shift in position closely follows the magnitude of the motion aftereffect [7] .
Finally, the motion aftereffect has been used to suggest that movement may be encoded independently of the position of the elements as "... the illusory effects are bizarre, and sometimes paradoxical, for it is possible to see movement without change in position" [13] . The results presented here suggest that this is not entirely true. Position information is modified by apparent motion and hence these dimensions are not entirely separate [14] . It will be of interest to see whether other forms of illusory motion (such as induced motion and autokinetic effect) also produce illusory shifts in perceived position. This work has been presented previously at the 21st European Conference on Visual Perception, Oxford [15] .
Materials and methods

Subjects
Two subjects participated. One (RS) was the author (male 34) and the other (PS) was a naive observer (male 22).
Apparatus and stimuli
The stimuli were sinusoidal luminance gratings generated by a Cambridge Research Systems VSG2.1 image generator using 14-bit digital-to-analogue converters. They were displayed on a cathode-ray tube (Joyce Electronics, Cambridge, UK) with a mean luminance of 75 candela/m 2 refreshed at 100 Hz.
The adaptation stimulus was two strips of horizontal grating that moved in opposite directions (one up and one down). They were each of height 16 degrees and of width 2 degrees and were displaced horizontally from the fixation point by 3.5 degrees (see Figure 1) . The test stimuli were two patches of horizontal grating again displaced by 3.5 degrees either side of the fixation mark. Their width again was 2 degrees but the height was now 2 degrees. Of this, 1 degree was at full contrast whilst the upper and lower 0.5 degrees consisted of a linear on and off ramp in contrast. The spatial frequency was 1 cycle/degree and contrast 64% for all patterns used. Finally, the positions of the test gratings were controlled by moving the windows through which the gratings were observed. This could be done in steps of 1 pixel and had a resolution of 0.08° from the viewing distance of 57 cm.
Procedure
Each run commenced with the presentation of the adaptation pattern for 18 sec. During this time, and throughout the experiment, subjects maintained fixation on the mark provided. After this initial adaptation the program went into a series of trials that involved an adapt-test cycle. The adapting stimulus was presented for 6 sec followed by the test. The test commenced 0.2 sec after the adapting pattern and consisted of the right-hand test pattern for 0.3 sec, a gap of 0.2 sec, and then the lefthand test pattern (for 0.3 sec). Subjects rapidly made a two-alternative choice as to which pattern (left or right) appears to be above the other. Immediately after this decision the adapting pattern recommenced for the next trial. This procedure continued until 16 trials were completed.
To measure the perceived position of the test patterns a standard 'double staircase method' was employed. After completion of the trials the number of 'higher' responses at each offset test was calculated and the data were fit by a Probit analysis to get a measure of the point of subjective equality.
For each adapting speed tested, we produced estimates of position when the right-hand pattern moved down and the left-hand pattern up (arbitrarily termed positive adaptation speed) and when the right-hand pattern moved up and the left-hand pattern down (negative adaptation speed). A series of adapting speeds were tested in a random order. To reduce the build-up of aftereffects we always tested one positive Adaptation speed (degrees/sec; Hz) = SEM followed by its negative (or vice versa on half) at each speed, and always left at least 5 min between sessions. Each measurement was repeated three times. As we found no systematic differences between positive and negative adaptation speeds, the data were pooled after the sign of the position shift for the negative adaptation speeds had been inverted.
